Abstract -The combined method to investigate the electron spectrum of single n-type δ-doped quantum wells in silicon is proposed. It is based on computing the electron potential energy by means of the Thomas-Fermi method at finite temperatures; then the obtained potential energy is applied to the iteration procedure with solving the Schrödinger equations for the electron spectrum and the Poisson one for the potential energy. The combined method demonstrates rapid convergence. It is shown that that the simple TF method gives a good approximation for the electron potential energy and for the total electron concentration within the well.
I. INTRODUCTION
The doping of semiconductors down to atomic resolution, or δ-doping, has recently become possible due to the modern molecular beam epitaxy growth techniques [1] [2] [3] . Because the ionized impurity scattering is the principal factor that determines the carrier mobility, the advantage of the FET with δ-doped channel over uniformly-doped materials is the smaller overlapping between impurities and carriers. The infrared transitions between electron sub-levels within δ-doped quantum wells are perspective for using in optoelectronics, especially, for infrared modulators, detectors, and lasers.
The electron spectrum of δ-doped quantum wells can be calculated from solving the Schrödinger equation jointly with the Poisson one (SP) [4, 5] . To investigate δ-doped quantum wells, it is possible with a simpler approach based on the statistical Thomas-Fermi (TF) method [2, 6] . In this report the combined TF -SP method to calculate the electron spectrum in δ-doped n-Si is presented at finite temperatures T. This combined method shows rapid convergence. It is demonstrated that the electron potential energies, and electron concentrations calculated from TF method are practically the same as ones computed from SP ones. 
II. BASIC EQUATIONS
Here n 2d and N d0 are 2D and 3D donor concentrations, respectively. The donor levels are assumed shallow and single charged.
The position of Fermi level μ has been obtained from the condition of total neutrality [5] :
The equation (2) has been solved by the Newton method. Namely, the iteration scheme has been used: The Fermi integral and its derivative have been approximated from [5] . The rapid convergence of the method has been demonstrated, because Q > 0 in Eq. (4).
After calculating the value of electron potential energy V(z), the energy levels E j , the wave functions Ψ j (z) of the discrete spectrum of the well, and also the electron concentration n have been computed from the Schrödinger equations: 
III. RESULTS OF SIMULATIONS
The results of simulations are presented for the room temperature T = 300 K, the donor concentration is N d = 10 15 cm -3 . 2D doping concentrations are taken from interval 10 13 -2×10 14 cm -2 . The donor level is E d = -0.045 eV. The dependencies of the electron potential energy V(z) on the transverse coordinate z are given in Fig. 1 , which are computed both from TF method (dash lines) and then from SP one (solid lines). The corresponding dependencies of the total electron concentrations n(z) are given in Fig. 2 . One can see that under 2D donor concentrations n 2d ~ 10 13 -2×10 14 cm -2 the values of n computed both from TF method and from Eq. (6) practically coincide. Therefore, the simple TF method seems effective for computing the electron spectrum of the δ-doped quantum wells. The many-body corrections [2, 4] due to exchange-correlation to the energy sub-levels E (1) , (2) j have been got by the perturbation theory. In the undimensional form the exchange correction is V x ≈ -2n 1/3 [2] . It shifts the lowest three energy sublevels on ≤ 10%. Dependencies of energy sublevels on the 2D doping concentrations are given in Fig. 3 . The profiles of the wave functions are given in Fig. 4 . It is seen that the localization of the wave functions for different valleys differs essentially.
a)
The forming of the quantum well in n-Si needs essentially higher doping levels than in n-GaAs [6], because the effective mass of the density of states in Si is much higher.
IV. CONCLUSIONS
A combined method to compute the electron spectrum of quantum wells in δ -doped n-Si has been developed, which is based on calculating the electron potential energy from the simple Thomas-Fermi method and then the using of the direct solving the Schrödinger equations and the Poisson one. The electron potential energy and the total electron concentration obtained from the Thomas-Fermi method practically coincide with ones calculated from the direct approach. b)
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